This report constitutes an attempt to review the major developments and identify important trends in the broad field of geophysical electromagnetic induction and related phenomena over the past four years. Following in the spirit of previous reports of this type [e.g., Filloux, 1979; Hermance, 1983b], the work of US researchers will be emphasized, although we will cover foreign research when appropriate. Many of the recent theoretical developments and the largest EM field program ever (EMSLAB) are the direct result of' international cooperation, and strict adherence to the concept of national boundaries would result in an uninformative and incomplete review.
has produced software based on the digital filter method for the computation of Hankel transforms that is substantially faster and more accurate than previous implementations. Chave [1983b] has reported a direct numerical integration scheme with Pad6 convergence acceleration that is generally slower than a digital filter formulation, but that is very accurate and capable of handling integrals having formally divergent integrands. Time domain EM computations require the numerical inversion of the Laplace transform. Knight and Raiche [1982] discuss the Gaver-Stehfest algorithm, a procedure which is simple, more computationally efficient than discrete Fourier transform approaches, and which requires a knowledge of the integrand only for real values of the transform variable. An alternate view of Laplace transform inversion based on first kind Fredholm integral equation theory is given in Pike et al. [1984] , and deserves greater attention.
Forward modelling in 1D is straightforward for MT and GDS, and little purpose is served by the continued publication of analytic solutions for specialized conductivity profiles. However, considerable insight into controlled source and time domain applications continues to come from 1D models, but even relatively simple cases can rarely be expressed in analytic form. While many mathematical approaches to 1D problems exist, the use of a formulation involving poloidal and toroidal modes is especially useful. Backus [1986] gives a thorough and rigorous derivation of this Mie representation of the EM field on a sphere that is readily extended to the plane. Several investigators have stressed the importance of placing equal emphasis on the theoretical behavior of the EM field and on the theoretical resolution of a given measurement. The 1D Fr6chet derivatives of the fields are especially useful in this context. The use of Fr6chet derivatives as sensitivity functions is discussed by G6mez-Trevi•o and Edwards [1983] , Chave [1984a] , and Edwards et al. [1984] .
Most of the effort in 2D and 3D modelling of EM phenomena over the past four years is based on the integral equation (IE), finite element (FE), or thin sheet approaches. The IE method is the most widely used and thoroughly developed EM modelling technique for 3D media. It is especially well-suited for treating isolated bodies embedded in a simpler substrate, since the numerical complexity is limited to the body itself. Hohmann [1983] reviews the formulation of IE problems and computational procedures for their solution. Wannamaker et al. [1984a] describe an IE algorithm for MT problems that can handle a 3D body in an arbitrary layered 1D medium. The FE method is also receiving increasing attention. Lee and Morrison [1985a] derive the FE equations for a 2D problem with a finite (controlled) source from a variational principle. P.E. Wannamaker (private communication, 1986) has distributed a 2D FE code for MT, and has applied it to a study of topographic effects on MT data [Wannamaker et al., 1986] . Hybrid methods which combine the FE and IE methods are also in use [Best et al., 19851. Over the past quadrennium, thin sheet modelling has grown from a mathematical curiousity to a very viable means for treating surface inhomogeneities. Dawson et al. [1982] treated TM mode induction with two thin sheets over a halfspace, where the thin sheets represent respectively a conducting ocean adjoining a continent and a resistive crust. Dawson [1983] extended this to include the TE mode. Both of these models are substantially more realistic than earlier ones. McKirdy and Weaver [1984] developed the theory for a 2D variable conductance sheet over a layered medium, and McKirdy et al. [1985] generalized this to the 3D case. Applications of thin sheet techniques include studies of regional induction in Scotland [Weaver, 1982] Numerical modelling has been applied to the study of 3D effects on the MT response functions. This is important both to determine the possible biases caused by multidimensionality and to ascertain the limits where 1D or 2D models are suitable approximations to the 3D earth.
Hermance [1982d, 1983a] As supercomputers and advanced computational algorithms become more widely available, 2D and 3D modelling will become more common. However, it should be remembered that approximate solutions to EM problems are often as useful as the more complex, full solutions; this type of approach has been emphasized and justified by .
INVERSION
Fischer and LeQuang [1982] state that the 1D magnetotelluric inverse problem is essentially understood. Despite this optimism and the fact that a 1D model is not appropriate for most MT data, the 1D problem continues to receive substantial attention, judging from the number of papers devoted to it. To some extent, the MT inverse problem is relatively easy when compared to other geophysical inverse problems. EM data are Fr6chet differentiable [Parker, 1983; Chave, 1984a Real MT data are always discrete and have errors associated with them. Most workers are aware of Parker's work on this type of data [Parker, 1983] . He has shown conclusively that when no 1D model fits a data set exactly, then the conductivity model with the smallest least squares or X 2 misfit will always consist of a set of infinite spikes or delta functions in conductivity. He called this the D+ case. MacBain and Bednar [1986] claim that Parker's result is not rigorous, but this does not alter the fact that practical schemes for inverting noisy data which do not exclude the possibility of delta function models will converge to these models as the misfit decreases. This applies in particular to most least squares-based layered model fitting routines. For a graphic example, see Smith and Booker [1986] . It is extremely important to note that this behavior requires that the data actually contain noise.
Inverse schemes which are expected to operate with real data simply cannot be tested with artificial data which equal the response functions for any 1D model even when the data are assigned an error. Synthetic data must have noise added to them after they are generated.
Parker's delta function models usually grossly overfit the data, in the sense that X 2 is much smaller than its expected value. It is then statistically valid to relax the fit and achieve a larger X 2. There are an infinite number of possible models between the best-fitting D+ type and one with any larger value of the misfit. Parker [1983] Two-and three-dimensional inversion of electromagnetic induction data is ultimately a more important problem for investigating the earth, but is less advanced than its 1D counterpart. Most groups still rely on forward modelling to interpret data. We believe that rapid advances in 2D and 3D inversion techniques will be made in the next few years as modern algorithms and high speed processors become more widely available. A final approach to 2D interpretation which shows some promise, especially for developing starting models for further 2D inversion, is the plotting of pseudo-sections of invariants of the MT response tensor [Ranganayaki, 1984] . In particular, she found that the pseudo-section of the phase of the determinant looked remarkably like the structure. The inversion of time-domain electromagnetic data is in a relatively crude state. Virtually all existing algorithms are based on the assumption of an extremely limited parameterization which forces the problem to be overconstrained. Although perhaps useful in an exploration context, these inverses hardly qualify for the name since they allow no exploration of model space. In contrast to this type of modelling, there is the electromagnetic migration technique of Zhdanov and Frenkel [1983] . This technique, which is analogous to seismic migration and closely related to the analytic continuation of fields in the frequency domain, is actively being pursued by groups in the US and Canada. It remains to be seen whether migrated data can be reliably inverted for material properties. In any case, it is likely to give useful structural information.
Developments in inversion of

EARTH STRUCTURE Deep Sounding
Over the past decade, the ELAS program has focused the efforts of the international EM community on determining electrical properties below the lithosphere. Following on earlier work, several recent papers have examined global averages of deep conductivity. Campbell and Anderssen [1983] analyzed the harmonics of the solar daily variation Sq. Their results appear to imply conductivity increases which correlate with the seismic discontinuities at about 400 and 600 km, but no resolution or uniqueness analysis was presented. Winch [1984] also looked at Sq and included corrections for a highly conductive ocean. His results are not clearly interpretable in terms of any single model, although the principal concern of the work was possible contamination of the internal part of the magnetic field by the dynamo effect of ocean tides. Jady and Patterson [1983] applied three inversion schemes to the construction of models using disturbed time data in the frequency range 0.07--2 cpd. They conclude that a steep conductivity increase occurs near a depth of 1000 km. A subsequent paper by Jady et al. [1983] generated a large family of models using Parker's layered and continuous inverses fitting essentially the same data. This time, they concluded that the sharp conductivity increase was more probably at about 700 kin. In a different approach to global sounding, Didwall [1984] used OGO satellite data from disturbed times to derive a transfer function which is broadly averaged in both time and space. However, she was only able to interpret it in terms of a constant conductivity shell of prescribed thickness.
A dominant trend in recent deep soundings has been the search for lateral conductivity variations in the mantle. Since conductivity is highly temperature dependent, global tectonics virtually guarantees lateral changes in the conductive structure of the earth. Roberts [1983, 1986a, 1986b ] reviews a variety of evidence for lateral conductivity changes in the upper mantle. Vanyah [1984] argues for deep differences between cratons and younger zones based simply on gross differences in the long period response. More detailed studies are beginning to appear. [1983, 1986a, [1984], demonstrate the need to find better ways to fully present the information contained in very large data sets.
Schultz and Larsen
Most of the work in the western US and particularly in The Japan MT profile, located between the island and the Japan Trench was reviewed by Yukutake et al. [1983] .
Four magnetometer-electrometer pairs were deployed by the Scripps group for two months at distances of up to 600 km from Honshu, while new seafloor fluxgate magnetometers [Segawa et al., 1982 reanalyzed the response functions from three seafloor sites of different age using the nonlinear inversion algorithms of Parker. They showed conclusively that distinct models were required by the data from different age regions of the plate, but the monotonic trend of increasing depth to conductor with age Could not be fully supported. This was due in large part to unexpectedly low resolving power for the data, as evidenced by the diversity of models that fit them equally well. Oldenburg [1983] used a new extremal inversion method to further quantify the low resolving power of seafloor MT data. This problem is due to the narrow, two decade range of usable frequencies in seafloor MT. It is not likely that improvements in instrumentation will dramatically improve this situation, and other methods will be required to investigate shallow electrical conductivity in particular. Future applications of seafloor MT in the oceans will probably be aimed at the delineation of tectonic structure using arrays of instruments in the spirit of EMSLAB. Array deployments also allows the use of GDS, which is not as limited as MT by low frequency oceanic noise. Backus [1983] 
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